dosimetric variables were known, their duplication for a mouse or
rat may fail to account for species differences in mass, anatomy,
and physiology--and for physical differences in depth of penetra-
tion and distribution of absorbed energy. Thus one might chal-
lenge the findings of Szmigielski and colleagues, who found
reliable evidence of promotion of induced and spontaneous malig-
nancies in mice after a prolonged series of intermittent expo-
sures to a microwave field. The investigators instituted a
schedule of exposures that loosely emulate in timing and intens-
ity what some human workers might encounter during a succession
of workweeks, but the mouse's three years of longevity and the
human being's three score and ten are disproportionate by a
factor in excess of 20. A four-hour exposure of a man may be
akin to an 80-hour exposure of a mouse.

The criterion of biological equivalence, like that of ecological
validity, is difficult to meet. To invoke again the work of
Szmigielski and colleagues, the demonstration of accelerated
growth of spontaneous mammary cancer was based on a genetically
susceptible strain of animal that has been inbred for this defi-
ciency. Does not selection of this strain violate the need for a
model that emulates human susceptibility? Some reviewers have

answered in the affirmative, and accordingly they have challenged
the generality of the finding.

A well-established regulatory convention may well rescue the in
vive data from arguments that the criteria of ecological validity
and biological equivalence have not been met. Reference is to
rules of procedure and interpretation mandated by the U.S. Food
and Drug Administration (FDA). The thrust of these rules is that
an agent producing toxicity in laboratory animals has prima facie
weight as a human toxin. Admittedly more of a legislated than a
scientific principle, one may nonetheless offer supportive scien-
tific argument. The life spans of man and mouse indeed may
differ, but the latter species ostensibly has greater resistance
to acute insult by microwave fields at the intensities and doses
used by Szmigielski and colleagues. And the charge that a ge-
netically susceptible strain of animal fails to emulate the human
condition is valid only for healthy human beings free of heredi-
tary defects. The general population contains thousands of indi-
viduals that share with inbred mice a heightened sensitivity to
insult. These individuals, too, are deserving of protection.

It is ascientific truism that no datum is a hard datum that
establishes a reasonable claim to a causal linkage until con-
firmed in independent experiment. By this criterion, if strictly
interpreted, all the in vivo studies under review present soft
data in need of confirmation. If more generously interpreted,
one can make a case that the findings of Kunz and colleagues
represent an extension if not a confirmation of the findings of
Szmigielski and colleagues. Despite much lower SARs {(0.15-4.0
vs. 3-9 W/kg), Kunz et al. cbserved a highly reliable difference
in the incidence of primary malignant tumors in their aging rats.
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The survival times of Kunz et al.'s rats were not diminished by
their near-life-long exposure to the field. That the increased
incidence of cancer in irradiated rats was not paralleled by
reduced longevity poses an interpretive problem that has led some
scientists to dismiss the the cancer datum as an artifact of
chance. However, although 18 percent of the irradiated rats
developed primary malignancies (compared with five percent in
controls), the preponderance of animals in both groups died from
other causes, and much larger samples might have been needed to
detect, statistically, a cancer-related difference in survival
times. The SARs to which the rats were subjected were relatively
low and were diminishing over time. If the cancer datum is real,
and if the SARs were close to threshold values, somewhat higher
SARs would have been needed to induce a the higher incidence of
malignancies that would be reflected in truncated survival.

As noted, the finding of a high percentage of primary malignan-
cies in the rats of Kunz et al. has been dismissed by some
scientists as a quirk of chance. This dismissal is predicated on
the differing sites of tumor growth and kinds of tumors, and
because the histurical data on the normal, untreated Holtzman
rats used by Kunz et al. indicate that a high incidence of malig-
nancies is common in the aging animal. The first criticism is
valid for a carcinogen or co-carcinogen with a specific affinity
for some organ, but it may not hold for an agent that results in
non-specific stress. The second criticism is of little merit
because historical data cannot control for the vagaries of a
particular experimental environment. It is unfortunate, more-
over, that the Kunz et al. study did not incorporate reference
{normally caged, untreated) controls, as well as an experimental
group of rats exposed to continuous-wave (as opposed to pulsed)
microwave fields. For therein lies one of the two strong dif-
ferences in the studies of Szmigielski, et al., and Kunz, et al.:
the disparity of SARs, already mentioned, and use in one study

of continuous waves vs. use of pulsed waves in the other.

The findings of Kunz et al. cannot be accepted as "hard" data
until independently confirmed and extended. But neither can they
be dismissed. In the light of the data reported by Szmigielski
et al. and by Balcer-Kubiczek and Harrison, who found evidence
that microwaves are cancer promoters, and by Manikowska-Czerska
et al., who found that pulsed microwaves at very low intensities
were associated with chromosomal translocations, there are
grounds to suspect that pulsed RF fields at relatively low inten-
sities may have adverse consequences for some segments of the
human population. [

The reviewer has made much of the factor of corporal restraint as
a source of stress artifact in experimentation by Manikowska et
al., which also may have been present in the experiments of
Manikowska-Czerska et al. Although a confounding factor, the
stress of restraint may have numerous "real-world” analogues.
That is, healthy human beings may be refractory to insult by RF
radiations at intensities low to mouderate, but individuals debi-
litated by disease, by inborn errors of metabolism, or by intense
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stress of physical or psychological origin, may be selectively
susceptible to RF radiations, even at relatively low intensities.
This susceptibility may be heightened when the field is sinusoid-
ally modulated or pulsed at certain critical frequencies.

RECOMMENDATIONS

For reasons already given, threshold power densities or SARs for
adverse effects on health are not forthcoming in the epidemio-
logical studies. The highest power density measured at the U.S.
Embassy in Moscow, 18 mW/cmz,appears to be a "safe" level, given
the absence of adverse effects reported for the Embassy employees
and offspring. Similarly, power densities at which U.S. Navy
personnel were presumed to be exposed to microwave fields in the
Silverman et al. study ranged as high as 100 uW/cmz—-again
without evidence of adverse effects. Unknown in both studies are

ranges and durations of exposure, which preclude the data from
offering a conclusive warrant of safety.

Thresholds of irreversible insult were not determined in any of
the in vivo or in vitro experiments reviewed in this report.

From the study of Szmigielski and colleagues emerged convincing
but as yet unconfirmed data that microwave fields at 5,000 pW/cm2
(SARs of 2-3 W/kg) can accelerate growth of spontaneous and
induced cancers in mice, which reliably reduced survival times,
The data of Kunz et al., which are based on near-life-long expo-
sures of rats at SARs ranging downward from 0.4 to 0.15 W/kg,
also are lacking independent confirmation. Longevity was not
affected in spite of a more-than-threefold increase in frequency
of primary malignant tumors, which may be indicative that a
threshold for injury to the rat's immune system lies between 150
and 400 mw/kg. These SARs would scale to power densities approx-
imating 3,500 to 10,000 uW/cm2 for human beings exposed in the
far zone of a comparable microwave field.

Independent confirmation of the studies of Szmigielski et al. and,
especially, of the study by Kunz et al. would augur the need for a
new operational definition of the SAR threshold of harm in U.S.
standards for limiting exposures to RF fields. Until independent

studies are performed that confirm or fail to confirm the tentative

evidence of cancer promotion and carcinogenesis--and conduct of

such studies should be accorded high priority--there are no grounds

in the currently available data base to reduce limits on exposure

to RF fields below those recommended or contemplated, e.g., by the
NCRP in its Report No. 86

The most stringent limits recommended by the NCRP are on Very High
Frequency (VHF) fields at frequencies between 30 and 300 MHz; to
maintain a whole-body averaged SAR below 0.08 W/kg for general-
population exposures, the power density is limited to 200 uW/cmz.
(This power-density limit is further reduced if certain modulation

parameters are present in incident radiations, but these parameters

are not present in the Seattle sources of RF radiation and, there-
fore, are not at issue.)
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Noted in NCRP Report No. 86 is a problem referred to earlier in
this review--RF burns and electric shocks--that has not been iden-
tified or resolved in earlier reviews or standards published by the
ANSI or the EPA. Reference is to recent findings on burn and shock
thresholds by Om P. Gandhi at the University of Utah, which have
been confirmed in the laboratory of Arthur W. Guy at the University
of Washington in Seattle. Based solely on established thresholds
of burn and electric-shock hazards, currently,permissible exposures
toelectric fields in the United States are more than 35 times too
high at certain frequencies. {Conversely, limits on exposure to
magnetic fields are as much as 10,000 times too stringent at cer-
tain frequencies.) Additional research is needed to identify and

quantify limits on power densities at which burn and shock hazards
are controlled.

All three sets of data--epidemiological, in vivo, and in vitro--
point to the need for experimental studies that evaluate how RF
radiations act when combined with texic (including carcinogenic)
agents. Controlled studies on laboratory animals should be
performed to determine how thresholds to such agents are altered as
a function of SAR, fjeld frequency, and modulation parameters.

Finally, another issue of high priority is the character of fields
that are radiated by transmitters of amateur-radio operators. The
proximity of radiating antennae to the homes and occupants of the
amateur operators, the sophistication of the operators in making
measurements of fields in and about the home, and the carefully
recorded logs in which are records of frequencies used and times

spent "on the air"--all create the scenario for a highly valuable,
prospective epidemiological study.
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The lesson is that we must evolve methods of managing and coor-
dinating research without inhibiting the investigator’s freedom. . . .
[This] is of particular importance when basic research pertains 10 a
matter of public interest. You must have independent research if you
expect to get results that can be believed. At the same time you have
to be able to channel the efforts in a direction most likely to produce
lll;;;) 9necessary results.—Charles Siisskind, Richmond Symposium,

Shortly after it was delegated regulatory responsibilities in
1968, BRH asked a researcher at nearby Virginia Common-
wealth University, Stephen Cleary, to help assemble a group of
scientists who could assess the present state of knowledge on RF
bioeffects. BRH’s expectations at the time were clear: “We are
. very much interested in the total contribution which this
Symposium will make to our present knowledge and the guid-
ance you will offer us for future efforts in developing required
performance standards for devices that emit unneeded micro-
wave radiation.”! BRH officials felt that the scientific commu-
nity could contribute “important value judgments which will
make a positive impact on the activities” of government in the
“day-to-day administration of . . . Public Law 90-602."
Scientists traditionally have responded eagerly to govern-
ment calls for assistance. Since providing advice and receiving
support customarily go hand in hand, scientists have been more
than willing to help government solve its problems. This was
particularly true in the late 1960s. Even before PL 90-602 was
passed, former Tri-Service researchers used the occasion of the
completion of the last Tri-Service project, awarded to Michael-
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son’s group at Rochester University, to convene a panel discus-
sion on the “Biological Effects of Microwaves: Future Research
Directions” at the 1968 International Microwave Power Insti-
tute annual meetings.® With two consenting partners, it should
come as no surprise that RF bioeffects policy of the last decade
and a half has been primarily the product of a marriage be-
tween scientific research and government (including the mili-
tary) support.

Objectives versus Prionities

The initial response of the technical experts to the perceived
crisis of the late 1960s was mixed. The relaxed attitude of in-
dustry was based heavily on years of experience with RF tech-
nology, coupled with a considerable dose of skepticism about
experiments that pointed to possible low-level effects. This po-
sition was succinctly argued in 1968 by an engineer from the
Chemetron Corporation: “I started in with a 50-kW transmitter
at 19, unshielded and not very far from the antenna. Apart
from losing my hair 1 feel pretty good. I wonder how or what
you have been injecting into the organisms so you get these
effects?”* Many experts in the late 1960s were comfortable with
the overall conclusions drawn from the Tri-Service program
and were willing to trust to industry and to the military, the two
primary users of RF technology, the task of monitoring bioef-
fects.

This view, which was principally maintained by persons (not
all) in industry and the military, was vigorously contested by
most university and government scientists. From a purely
scientific standpoint, the research of the 1950s had barely
scratched the surface. Researchers had not succeeded in stan-
dardizing experimental techniques whew the Tri-Service fund-
ing ended. They had not looked in depth at special exposure
situations, such as pulsed power. This left researchers such as
Tufts University eye specialist Russell Carpenter skeptical
about past policy decisions: “I am not ready to be comfortable
in a microwave field when I am told that the average power is
safely below 10mW/em® but where Iam being subjected to peak
powers many times that figure. 1 would prefer not to be
there.”” The obvious remedy for this situation was more
scientific research.

Most scientists who favored more research were willing to
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cast their nets broadly. John Howland, who worked with Sol
Michaelson, suggested that serious attention be given to
“numerous curiosities” such as “the howling of dogs near trans-
mitters, peculiar actions of birds, fatigue and headaches in
workers, and other psychosomatic complaints.”® When How-
land made this recommendation 1o colleagues in 1968, the
chances of pursuing such research looked brighter than they
had a year or two before. The pending radiation control legisla-
ton suggested that “we are going to see some interest on the
part of the federal government in clectromagnetic radiation.”
Interest was an obvious step toward renewed support. Former
Tri-Service researcher Charles Sisskind {rom the University of
California, Berkeley, looked for this renewed support “in the
very near future.”” His prediction proved correct. Shortly after
PL 90-602 was passed. funding for RF bioeffects research be-
came available again.

In its rush to get legislation on the books to deal with the
perceived environmental crisis of the late 1960s, Congress by
and large ignored organizational problems. Many of the scien-
tists who stood to beunefit from the research funds that were
bound to follow understood that this situation was not satisfac-
tory. Accordingly when the Office of Telecommunications Pol-
icy let it be known that it might be interested in helping 10
coordinate RF bioeffects research, the scientific community re-
sponded quickly. By late 1968 Pandora adviser Sam Koslov had
gathered together a tew colleagues and drawn up plans for
an Electromagnetic Radiation Management Advisory Council
(ERMAC). Within a few months his plans had been accepted,
and ERMAC’s frst official meeting was convened in March
1969. The principal agenda item at this and most subsequent
meetings was the formulation of recommendations for @ coor-
dinated RF bioeffects research program.

ERMAC’s members wasted little time getting to the heart of
the RF bioeffects problem: “There appeared to be general
agreement that the first order of business should be the study
of the 10mW/cm? radiation limit established within the U.S. as
compared with the 10pW/cm? limitation established by the
Soviet Union.” By the third meeting (June 5, 1969). Koslov was
assigned the task of preparing a draft of a document describing
ERMAC's aims and objectives. His hrst draft “generated con-
siderable discussion with resulting constructive comments.™ A
second draft presented to the fifth ERMAC meeting in Sep-
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tember 1969 also provoked discussion, and it was ('()mplet‘cly
revised again. Koslov's description of ERMAC's auns and .ohjcc-
tives by this time had become a proposal for a coordinated
research program. After additional meetings and many ex-
changes by letter, ERMACs aims and objectives were finally
prinlé(l in December 1971 as a Program for Contvol of lz.’vr_(mmqg—
netic Pollution of the Ewvivonment: The Assessment of Biological
Hazards of Nonionizing Electiromagnetic Radiation ™

The problem-solving framework ERMACTS program estab-

lished was unquestionably scientific. Its opening p;n‘.ugrz:})hs
juxtaposed a compelling discussion of the pn_)l)lcm against l_l!c
‘solution—a rescarch program.” The need for more scientific
rescarch was sketched out in unmincing tevms: “Unless ade-
quate monitoring and control based on a l'lfn(lumcnlul \Am(lcr-
standing of biological effects are instituted in the near future,
in the decades ahead. man may enter an era of energy pollution
of the environment comparable to the chemical p()lluli(m ol
today.” Critical areas were singled out for special attention. 'll
was argued that “the consequences of undervaluing or mis-
judging the biological effects of long-term, ‘lnw-lc\'cl exposure
‘could become a critical problem for the public health, cspgclull)’
it genetic, clinical, physiological, and behavioral effects of L“(‘f;—
tromagnetic radiation at power densities befow™ 'l()m.W/('m‘.
The only wav out of the dilemma posed by this situation was
more rescarch.”

From the need for more rescarch, ERMACS members
turned to specific objectives, identifving fowm arcas as (!uln;\l_l(l-
ing the most attention: long-term, fow-level su?(hv.‘\‘: (‘pldf‘l?)l‘()l-
ogv: rescarch on basic mechanisms; and ('()m'(hn;}n(m activives.
In combination these four areas covered the main clements nl‘
RF biocettects research, thereby ensuring that a wide variety of
projects would he covered. The program was projected to cost
$63.135.000 for the fivst five vears.

Similar broad recommendations emerged from other quar-
ters in the tate 1960s and carly 1970s. One industrial repre-
sentative who favored more rescarch. Bell Labs’s George
Wilkening, summarized the feelings of his collcagues at the
1969 Richmond symposium: “there seems to be unanimous ov
almost unanimous agreement that one of the things that should
be done is to perform repeat insult type experiments at low
levels.™ ™ A simultancous plea for more epidemiological data
was made by Norman Teles of BRH. who estimated that US.
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researchers had conducted only one extensive eye study and
three lesser general surveys that covered fewer than 400 indi-
viduals who had had on an average less than three years of
exposure.'! Coordination and information on basic mecha-
nisms were universally agreed to be essential. In sum ERMAC's
program succeeded in capturing the feelings of the scientific
community and in translating them into a document that could
be used to establish a broadly based scientific research program
on RF bioeffects.

The broad, ideal objectives established in ERMAC’s program
did not fare well when it came to establishing priorities. Al-
though most researchers agreed in principle that more atten-
tion had to be paid to epidemiology, long-term low-dose
studies, and the like, they seldom were willing to assign high
enough priorities to such studies to get them funded. When
push came to shove, the scientists who advised on RF bioeffects
research retreated to the attitudes that had led to the domi-
nance of thermal thinking in previous decades. These scientists
were at home with precise, controlled experiments; they were
not comfortable with effects that lacked causal explanations,
This inevitably narrowed the focus of the RF bioeffects re-
search to controlled animal experiments, theoietical modeling,
and a concentration on thermal effects. The old way of think-
ing died hard. '

A researcher who typilies this mode of thinking is Sol
Michaelson, who has been a constant participant in the advisory
process. Like the rest of his colleagues, he was willing to sketch
out broad research agendas in the late 1960s to get research
funds flowing again. But his underlying formula for judging
the best research remained selective: “The biological indicators
of microwave response should be easily replicable and the tech-
nique of measuring should not require elaborate equipment.
Microwave induced biological changes should have a high
probability of occurring. The range of experimental values for
the parameter selected should be well defined and should have
a very poor range of variability. Ideally the range of normal
values . . . should be the reference value when evaluating the
pool exposure data.”'? Michaelson’s thermal experiments pro-
vided the ideal model for this type of experiment. The vari-
able—temperature change—was decisive, easily tmeasurable,
and relatively quick in occurring. Normal temperatures could
be used for establishing a background against which change
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could be measured. Michaelson looked for similar crisp rigor in
other RF bioeffects research. The degree to which experiments
lived up to his expectations determined the extent to which he
recommended their being supported.

The manner in which these attitudes came to dominate RF
bioetfects research and policy is apparent in the activities of
ANSI C95 after the adoption of C95.1 in late 1966. The framer
of this first standard, Herman Schwan, began to relinquish con-
trol of ANSI activities in November 1965 when he resigned the
chairmanship of C95. His place was temporarily filled by the
C95 secretary, Glenn Heimer, until a new chairman, Saul Ro-
senthal of the Polytechnic Institute of Brooklyn, was appointed
in June 1968.""

Rosenthal took over the chairmanship under ditfficult cir-
cumstances. At the time Schwan was on sabbatical in Germany
and had left little information behind on how C95.1V had func-
tioned. The records Rosenthal had were “not complete since
there is a jump between 1961 and 1963 from a committee of 14
members headed by Colonel Knauf to a committee of 5 mem-
bers headed by Dr. Schwan. In addition there scems to have
been an involvement with the University of Miami and that
seems to have disappeared also. In 1963 there appears some
information on the proposed standard: however, there was no
background information on how it was arrived at.”"* 'T'his situ-
ation was not rectified until the summer ot 1970, when Schwan
began attending C95 meetings again and set out for colleagues
his account of the standard-setting process.'” In the meantime
Rosenthal had to begin reassessing the RF bioeftects problem,
working under the deadline of ANSI's requirement that its
standards be reevaluated every five years.

The initial reassessments undertaken during the first few
years of Rosenthal's chairmanship singled out two key ques-
tions that needed to be addressed. First, the sketchy informa-
tion available to C95 members left little doubt that C95.1 was
based heavily, if not exclusively, on data collected prior to and
during the Tri-Service era. One question that had to be an-
swered was whether there was any new information that would
require changing the standard. Second, even if no new data
had surfaced, ANSI members still had to ask whether the data
used to set CY5.1 were adequate. If they were not, provisions
would have to be made for undertaking additional research.'

ANSI thinking on both questions was sketched out briefly by
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Rosenthal in a letter to BRH director John Villforth, comment-
ing on BRH’s proposed microwave oven standard. Villforth
obviously needed to keep abreast of ANSI deliberations since
conflicts between BRH and ANSI standards could cause prob-
lems. In reassuring Villforth that ANSI had not changed its
mind and that the proposed oven standard seemed reasonable,
Rosenthal predicted that “C95 will find that no additional in-
formation has become available since the present standard was
adopted that would indicate a change is warranted.” His answer
to the first question was that scientific research had not discov-
eved anything that invalidated the 10mW/em?® standard. But
that did not mean that the data base used in setting C95.1-1966
was adequate. Rosenthal characterized this standard, somewhat
paradoxically, as “an excellent one [that] still leaves much to be
desired” because its data base was “deplorable.” The obvious
conclusion that followed was that “unless there is a vigorous
and active program of research directed toward obtaining the
pertinent information,” one could not be sure of the validity of
the standard."”

To rectify this situation, ANSI, like ERMAC, began planning
for future research trom a broad-based perspective. Shortly
after Arthur W. (Bill) Guy took over the chairmanship of
C95.1V in July 1970, five study groups were set up “to identify
and document the requivements for additional information
needed to modify or improve present standards™ Near-Zone
Field Effects, chaired by John Osepchuk (Ravtheon)y: Fre-
quency Effects, chaired by Albert Kall (Ark Electronics) and
Sidney Kessler (ULS. Information Agency): Low-level (Ather-
mal) and Modulation Effects, chaired by Allan Frey (Random-
line); Environment, chaired by Bill Mumford (Bell Telephone):
and Population Groupings, chaired by William Mills (BRH).'™
The coverage being recommended was comprehensive, but the
majority of ANSI members were not willing to take steps that
would have provided incentives to expand the base of RF bio-
effects research. Instead they retreated to the safe world of
controlled experiments and thermal thinking, ignoring the
consequences this had on their assumed philosophy of stan-
dard setting.

One person tried to change this situation, a fignre who was
himself becoming a source of controversv—Milton Zavet. In a
brief but provocative open letter to ANSI members written in
April 1970, Zaret recast the language and philosophy ot €951
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in an elfort to place a greater burden of proof on those who
believed it was adequate. Since general population studies had
not been conducted, Zaret proposed that the standard state
that “the recommendations are not intended to apply to the
general public.” Similarly he recommended that pulsed. radia-
tion with peak powers more than one hundred times their aver-
age and nopuniform fields be excluded. again reflecting the lack
of data available. To ensure that other potential problems were
not missed, Zaret snggested vequiring that “when a racliation
generating svstem cither is capable of exceeding the recom-
mendations or is not adequately defined by this guide, then ...
the user should ensure its safety by performing appropriate
biological assay experiments.” And o avoid providing an im;.igc
of certainty where none existed, Zaret's final recommendation
would have inserted probability into the entire standard by
changing the phrase explaining the safety of helow thrf'shnld
exposures from “will not” to “is belicved not o result in any
noticeable effect 1o mankind.™" ‘

Had Zaret's proposed reworking of C95.1 been u(‘ccplc(l.. it
would have changed ANSEs philosophy of standard setting
and thereby the accepted protocol for RF bioeffects research.
‘The military and other users would have been compelied 1o
pursue g('m") al population studies or tell exposed populations
that they did not have the evidence to guarantee safety, ln(hlls-
v would have had to run biological assay tests on RE cquip-
ment betore subjecting workers to it not after. ANSH \\'.nukl
have had to be sure of its scientific information before issumg
firm standard. By shitting the burden of proof, Zavets pro-
posal would have made fong-term. low-dose, and epidemiolog-
el studies a necessity.

Zaret fully understood the consequences of his suggestions:
“The effect of the peak power reduction to a level justifiable by
data would be simply to shift the responsibility for pm‘snn.ncl
safety to the user, that is, to the military: to remove the sanction
the document now offers 1o the use of high pulsed power
radars. and thus force the user to justify his safety codes c:‘l‘
practice by supporting or engaging in appropriate research.”™
Indusirial representatives, such as John Osepchuk and Paul
Crapucheus (Litton Industries) also understoad !h.c conse-
quences of the proposed changes and argued  vigorously
against them: “Most military radars have duty cveles near .(.)()l.
or peak powers near 1000 times average, so that the revised
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do.c.urnent .would no longer apply. Also, if consumer products
utilizing microwave power became widely used, the document
would not apply there either. So where wowld it apply, and
wouldn’t this restrict the document into uselessness?"2' Zaret
was unmoved by such seemingly pragmatic arguments. If the
military had to change its defense plans as a result, so be it: but
necessity, at least not Zaret’s version of necessity, did not rule
the day.

Zaret’s proposal for revising C95.1 was circulated, criticized,
and rejected. In rejecting Zaret’s suggestions, ANSI members
permitied their recommended research program to remain
squarely in the tradition set in the 1930s and followed after
World War L. The final report of ANSI's study groups, “Re-
search Needed for Setting of Realistic Safety Standards” (Au-
gust 1, 1972), mentioned, but suggested no practical means for
resolving, the old problem of occupational versus general
population exposure.** The least developed sections of the re-
port were those that dealt with population groupings and the
environment. This all but assured that in the years to come,
!u:tle serious attention would be given to epidemiological stud-
ies or long-term, low-level experiments. Instead the dominant
notes struck in the study group report were measure, calculate,
and replicate, mostly within the context of animal experiments
and for the purpose of learning more about basic mechanisms.
This is the course most RF bioeffects research would follow
throughout the remainder of the 1970s and into the 1980s,

Inconsistencies and Biases

T ‘hc emphasis placed on controlled animal experiment was not
wuhf)ut justification. Knowledge of the precise mechanism for
RF-tissue interaction could be useful when making decisions on
exposure standards. This is precisely the sort of information
BRH and others were seeking in the late 1960s when they
turned to the scientific community for help.

The research plan adopted in the 1970s, however, had inter-
nal problems. To begin with, few persons asked whether the
research goals that had been established were achievable. Time
is needed to solve complex scientific problems. In this particu-
lar case the possibility existed that RF bioeffects might be de-
pendent on frequency and on tissue type, thus opening the way
for thousands of different interactions. In addition RF bioef-

e+ e, . .
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fects researchers were studying operations within the body that
themselves were not fully understood. Given these complica-
tions, there was no guarantee of success. The $63 million being
asked of government could have been a down payment on a
product that could not be delivered. Recognition of this possi-
bility in the carly 1970s might have prevented some of the
apologizing that had to be done in the late 1970s when Con-
gress began to wonder why the problem had not been solved.

More important, the product that the scientific community
has to offer, scientific information, depends heavily on the in-
tegrity of the scientific process. Scientific information is reliable
only if the methods used to derive it and the scientists who
interpret it are reliable. Scientific facts do not emerge apart
from process.

The scientific process followed in the RF bioeffects field has
been reliable for the most part. Researchers have subdivided
the main problem—how RF radiation atfects living tissue—
into subproblems, designed experiments to solve the subprob-
lems, conducted these experiments, and thereby assembled a
significant body of information on RF bioeffects. But the re-
search process has not been above reproach. Over the years
individual biases and inconsistencies have raised questions
about the integrity of the entire field. Some examples follow.

Radar Death

In March 1954 a forty-two-year-old man walked in front of a
transmitting radar installation. Within seconds he telt internal
warming and quickly moved. Thirty minutes after the initial
exposure he experienced “acute abdominal pain and vomited.”
An hour later he was admitted to a hospital and within six
hours had his appendix removed. Recovery from the operation

did not proceed normally. Eleven days later the patient died of

complications. A possible cause ol death according to John
McLaughlin, an attending physician, was “tissue destruction . ...
from microwave radiation (radar).”?*

McLaughlin's diagnosis rested on several considerations.
During the first operation physicians observed that “the entire
parietal and visceral peritoncum were dusky red and the por-
tion ot the small bowel that could be seen was beefy in color,”
indications that the organs in the patient’s body cavity could
have been “cooked.” Moreover the gross appearance and prog-
ress of this patient’s illness seemed to follow patterns scen in
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conclusions have the weight of science behind them. Whatever
his motivations the fact remains that Michaelson’s scientific
analysis of the radar death case was not reliable. Insofar as he
has been willing to go beyond fact and interject his own inter-
pretations into the scientific process, his credibility and the
credibility of those who support him has legitimately been
called into question.

This does not mean that the 1954 accident was a case of radar
death. The exposure may have been unrelated 1o the death; it
may have been a secondary causal factor, aggravating a preex-
isting minor case of appendicitis, or it may have been instru-
mental in the death. Until more information is collected, this
case will remain unsolved. To argue otherwnse is not consistent
with rigorous scientific thinking.

Epidemiology

Lack of critical scientific thinking has also played a major role in
shaping attitudes toward epidemiological studies, surveys of
the health of human populations. In principle epidemiological
studies are deceptively simple, making it difficult for the public
to understand why they have been so neglected. Their main
objective is to discover whether select populations that have
been exposed to some factor, such as RF radiation, are (retro-
spective) or will be (prospective) as healthy as similar popula-
tions that have not been exposed. If such studies are carefully
controlled so that there is only one major variable, then differ-
ences in health can be linked to that tactor or, conversely, the
lack of differences can be used to suggest safety.

In practice epidemiological studies are never this str aightfor-
ward. Working populations are usually exposed to many vari-
ables. Their exposure to any one variable, such as RF radiation,
is difficult to quantify. It is difficult to identify stable popula-
tions that are large enough to permit the detection of subtle
effects. Surveying the health of large populations is time-
consuming and expensive. The detection of a moderate effect
that takes fifteen years to develop could require monitoring the
health of thousands of persons for half their lifetimes.

Despite these difficulties, it has long been recognized that the
health of populations routinely exposed to higher than normal
amounts of RF radiation should be monitored. Such studies
were recommended and carried out at the height of World War
11. Epidemiological studies were singled out as important at the
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1953 navy conference. The need for more epidemiological
studies was included in ERMAC’s 1971 program, in a 1978
report prepared for the Office of Science and Technology Pol-
icy, and in more recent surveys of ongoing research needs.
These calls for more epidemiological studies have not been
followed for the most part. In all only about a dozen such
studies have been undertaken in the United States over the past
forty years.™ In addition U.S. researchers have been unwilling
to accept the epidemiological data collected in the USSR and East
European countries in the course of monitoring the health of
workers. The fact that workers in these countries who have
been exposed to RF radiation often complain of headaches,
dizziness, loss of memory, and other asthenic conditions has not
been regarded as significant in the United States, primarily
because of the uncontrolled manner in which this information
has been collected and reported. Philosophically U.S. scientists
have not been prepared to believe that alleged RF bioeffects
exist until they can be unambiguously tied to RF exposure.
There has been inconsistency in this anitude, however. U.S.
researchers have been most demanding when deciding whether
etfects tentatively identitied in epidemiological studies are sig-
nificant. Typically the research pattern followed bas been to
keep checking and vechecking until possible causes for concern
have been dismissed in some way. ‘Tests conducted by the navy
during World War I were ended when a superficial analysis of
the data suggested no major effects. A mid-1950 survey of
Lockheed workers was repeated when blood  abnormalities
were found and terminated when the abnormalities supposedly
were traced to an experimental error. An ambitious eye screen-
ing program begun during the Tri-Service era was ended when
it was concluded that the differences that were found—a
higher percentage of minor lens defects in exposed workers—
were of no clinical siguificance. A mid-1960s birth defect study
conducted in the Baltimore area was rerun when correlations
between radar and Down’s syndrome emerged; the study was
terminated when the correlation disappeared on closer statisti-
cal analysis. A similar course of events ook place following
initial reports of high numbers of congenital abnormalities in
the Fort Rucker area, also in the late 1960s. T'wo ambitious
studies undertaken in the late 1970s, one surveying a popula-
tion of Korean War veterans and the other looking for possible
adverse effects among Moscow embassy personnel, were both
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terminated when the initial results turned up no apparent cor-
relations between exposure and effects.3®

In all of these studies critical analysis uncovered reasons to
question the possible effects discovered, leading to the conclu-
sion that epidemiological studies had not proved that exposure
to RF radiation is hazardous; however, critical analysis did not
then continue in an effort to determine whether conclusions
could be reached about safety. Although the researchers who
have conducted the epidemiological studies have consistently
pointed out weaknesses in their work that could have allowed
effects to slip through undetected, these weaknesses have not
been given the same attention as the shortcomings in the
methods used 1o discover effects. The most recent example of
this inconsistent use of scientific rigor can be found in a 1976—
1978 epidemiological survey of the health of the population
exposed to the Moscow signal.

Shortly after the Moscow embassy problem became public in
early 1976, State Department officials decided to quell public
fears by asking an independent researcher, Dr. Abraham Lil-
lienfeld of Johns Hopkins, to survey the Moscow population for
possible health effects. From the start Lillienfeld’s study had
problems. Personnel lists were difficult to assemble. (The State
Department does not publish embassy directories in sensitive
areas.) Government agencies such as the CIA and Department
of Defense were reluctant to provide information on their per-
sonnel. Data on the signal were not made available so those
having the highest exposure could not be isofated. Embassy
personnel were slow in responding to questionnaires, vet the
State Department insiste:l that a rigorous time schedule be
maintained. In all, the Foreign Service Health Status Study
(FSHSS), as the Moscow survey came to be called. did not pm‘-
ceed under ideal conditions. Fven so data were collected.

'The FSHSS data confirmed the State Department’s conten-
tion that the Moscow signal was not causing immediate health
problems. Embassy personnel apparently were not dying any
faster or contracting more illnesses then their control counter-
parts (personnel in other East European embassies). But it be-
came apparent that the study was not sensitive enough to
discover anything but immediate major effects. No conclusions
could be drawn from the discovery that “the proportion of
cancer deaths was higher in female employees” because of the
small number of deaths. The difference between exposed and
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controlled populations was about two deaths. Similarly no long-
term conclusions could be drawn because “the group with the
highest exposure to microwaves, those who were present at the
Moscow embassy during the period from June 1975 to Febru-
ary 1976, had had only a short time for any effects to appear.”
This study, like so many other epidemiological studies, was not
sensitive enough to allow firm conclusions to be drawn about
effects or safety.™

Such weaknesses might have been corrected by improving
the scientific process, following the pattern set in studies re-
porting cffects. This step was contemplated by ERMAC mem-
bers in mid-1981 and rejected. The population and the
exposure information were judged inadequate for pursuing a
more detailed study: therefore the data could not be refined,
making it intellectually unjustifiable to spend more money on
the project.* Thus ambiguities would remain. Correlations be-
tween RF exposure and health etfects had not been proved but
neither had they been disproved.

Members of the scientific community have not been consis-
tent in reporting the inconclusiveness of the FSHSS to the
public. State Department adviser Herb Pollack has routinely
relied on the FSHSS to assure audiences that long-term expo-
sure is not harmful. A paper he presented in 1980, afier dis-
cussing all of the measurements that failed to turn up
significant differences, concluded that “no convineing evidence
was discovered that would directly implicate the exposure to
microwave radiation experienced by the emplovees at the Mos-
cow embassy in the causation of any adverse health effects as of
the time of this analysis.” Pollack did not provide his audience
with the same critical analysis of this conclusion that appeared
in the reportitself.™

An even more blatant neglect of gualifying statements can be
found in an environmental impact statement (EIS) prepared in
the Bainbridge Island uplink case. (The EIS was prepaved by
scientists and intended to be used by government and the
public when making decisions about the proposed uplink facil-
ity.) After describing the FSHSS and noting that “researchers
found no reliable differences between health status records of
the Moscow embassy personnel and the control group.” the
conclusion was reached that “these findings indicate that there
is no danger from continuous exposure to microwave radiation
at fevels helow 15 microwatts/cm®.”*" This statement not only
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ignores the qualifying remarks included in the FSHSS but also
presents conclusions that were not drawn and could not have
been drawn on the basis of the available evidence.

Such one-sided reporting pervades other portions of the dis-
cussion of epidemiological studies in the Bainbridge Island
EIS. After expressing the usual methodological reservations
about USSR and East European research, the authors of the
EIS accept without question a recent summary of USSR and
East European epidemiological studies delivered in absentia by
a Czechoslovakian researcher in 1981: the relevance of the
summarized studies is that they are said to “imply that there is
no danger to [sic] continuous exposure to microwave radiation
levels of 10pW/cm? and below.” This in turn supports the con-
tention that “there are no substantial data from epidemiological
studies to suggest that adverse health effects seen in laboratory
animals have occurred in human populations.”**

Why this particular survey has been accepted when other
USSR and East European surveys are rejected is not explained.
Neither is it explained why the attention of readers is drawn
only to studies that found no effects when the summary men-
tioned as well studies that found effects. The Czechoslovakian
researcher presenting the summary, Jana Pazderova-Vejlup-
kova, had not observed differences in most health tests run on
exposed and unexposed radio station employees, but she did
find “a reliable difference in [the] variability of the response to
the glucose-tolerance test.” Another paper she mentioned re-
ported “no difference in the morphological character of len-
ticular opacities of exposed and unexposed populations of
men,” but the same paper offered “the view that long-term
exposure to microwaves at power densities below cataracto-
genic levels can accelerate the natural aging process of the
lens.” The selective use of data illustrated by these examples
hardly seems consistent with a final goal set out in the Paz-
derova-Vejlupkova paper: “My plea is for adherence to the
principle of objectivity.”™

Admittedly the Bainbridge Island EIS is a particularly biased
document and could be dismissed if it had as quickly been
dismissed by the scientific community as McLaughlin’s vadar
death article. But this has not happened. Critics of the way RF
bioeffects research has been conducted have offered com-
ments, but not the broader scientific community that wants the
public to accept its judgments about RF bioeffects."" While be-
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ing rigorous in its criteria for accepting effects or hazar'ds, tbls
community has ignored its own ambivalence lowgr_d epidemio-
logical studies and the misuse of them by some of its .lnelllt?ers.
The result of this situation has been a further erosion of the
credibility of the scientific community, as viewed from the pub-

lic’s perspective.

Microwave Gataracts o .
Epidemiological studics and data on individual deaths are (.uni
troversial by nature; neither can be mmf'(?llcd c"as‘lly.nan(.
neither routinely leads 1o firm conclusions. I'he RF .hmcﬂcjcl.s
community is not alone in the problems it has had in dealing
with lhesc‘;lspc(‘(s of science. But the bioeffects debate has not
been limited to the softer aspects of science. Controversy hzl%
arisen over RF bioeffects that are known to exist, such as the RF
or, as it 1s more commonly called, lhc»mi('mwave cataract. -

By the mid-1960s, it was commonly feh l‘l)ml ll.\c lhrcslu.)ld for
cataract formation was about 100mW/cm?®, a figure casily ex-
plained using standard thermal mechanisms: exposure at
100mW/cm? was known to cause heating, and l!lf: eye is known
to be particularly susceptible to overheating. l.h-c nncmwm‘c
cataract came 10 be understood as a thermal injury lhztt_ oc-
curted when the eye is exposed 1o thermal doses of RF
radiation.

Scientific opinion
ever. Russell Carpe .
e administered to rabbits for three minutes did not P
The same dose produced cataracts it administered
avs. 1t did not pro-
' xtended

was not unanimous on this subject, hnw;

. . rro 2
nter discovered that a single 280mW/cm
1 roduce
o

cataracts. :
once daily for three or four consecutive d
ulmcls if the interval between exposures was extet
r to suggest that single
act pi‘nducing) could
ate and lead 10

duce cat
trom daily to weekly, leading Carpente
doses that were not cataractogenic (catar
produce minor cflects that could ;m'u.mul '
cataract formation it sufficient recovery time were not allowed
between exposures. Put more simply, his experiments lcj(l u-)_ll?c
conclusion that cataracts might be a cumul;.mvc R.l' hioeffect.
Subsequent failure to find ¢ msistent correlations with lempcu:i
ture tise led to the further suggestion that nonthermal causes
might be involved as well.!!
Carpenter’s break with the th‘c.nn;
wave cataracts met with opposition.
lished in 1972, Michaelson criticized Carpenter’s use

W inlmprcl;uinn of micro-
In a review article puh—
of the
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term cumulative. As far as Michaelson was concerned, cumula-
tive damage occurred only when each exposure produced ir-
reparable damage. Carpenter’s experiments suggested that the
damage was not irreparable since the rabbit’s eyes apparently
were able to return to normal in a few days, thus explaining the
absenc-e of injury with the weekly exposure schedule.™ A year
!ater. in his review paper submitted to the 1973 Senate hear-
ings, Michaelson made this point more strongly: “It is utterly
incongruous that an important concept such as cumulative ef-
fect of. microwaves should be based on such scanty data. . .
Any scientist can readily see how inappropriate it is to use such
inadequate data as a basis for any meaningful analysis.” As was
his custom Michaelson used the lack of convincing evidence as
grounds for total rejection: “Since it has not been conclusivel
shown, the suggestion of cumulative effects of microwave expn)-]
sure is untenable.”"* ‘

When Michaelson issued this assessment, more was at stake
than ();n:penter's cautious excursion into unorthodox thinking
By the time of the second round of Senate hearings, Mihon.
Zaret had advanced a microwave cataract theory that not only
Cll'a!l?llged orthodox thinking but opened the door to Widt).’
criticism of prevailing RF bioeffects policy. In the minds of
some, Zaret's views went beyond heterodoxy to heresy and had
to be treated accordingly. /

:l'hc broad outline of Zarct's microwave cataract theory is
fairly simple, if somewhat vague. In essence he has l'C[)Cill(:(ll;'
claimed that long-term, low-level exposure to RF radiation can
Cause cataracts: “Ghronic microwave cataract develops slowly
over a period measured in years and follows repeated irradia-
tion at nonthermal intensities; it presents clinically as a gradual
degradation of the lens capsule, without any evidence of burn
and resembles a delayed radiational effect.™™ ‘The distin.
guishing feature of a chronic microwave cataract, in compari-
son to a thermal microwave cataract, is its location in the eye.
r herl!lal microwave cataracts form in the rear of the lens:
cihro'n'lc (athermal) microwave cataracts, according (o Zarel'
form in the capsule covering the rear of the lens. The posterimi
lens capsule, Zaret argues, is gradually clouded by continuous
RF exposure, leading to the opacification that characterizes a
cataract. The opacification may, in Zaret's view, eventually af-
fec.t the lens proper, but it begins in the capsule. This distin-
guishing place of origin, along with some knowledge of prior
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health, allows Zaret to recognize a cataract as a chronic micro-
wave cataract.

The response to Zaret’s microwave cataract theory was cool at
best, and as Jong as it was not taken seriously, no one seemed
particularly concerned. But as soon as his theory was cited as
evidence for fow-level effects, it quickly became the target of
attack. An attempt by Leo Birenbaum in 1972 to use one of
Zaret's eve surveys to question Michaclson’s contention that to
date there had been little information on injury brought forth
the tamiliar claboration of the shortcomings of such surveys. '’
Two years later a concerted campaign to dismiss Zaret's micro-
wave cataract theory was mounted {ollowing the publication of
a case study in which Zaret potentially linked cataracts in a fifty-
one-year-old woman to an allegedly faulty microwave oven.'
The case study aroused particular concern in the industrial
sector of the RF bioeffects community, which at the time was
grappling with the problem of growing public distrust of RF
technology. The biased responses that followed again under-
mined the credibility of the sdentific process.

Zarvet's 1974 report was severely criticized by Michaelson,
Raytheon spokesman John Osepchuk, Budd Appleton of the
air force, Russell Carpenter, and Harvard ophithalmologist
David Donaldson for suggesting that exposure at levels below
the ANSI standard could cause injuryv. “As to the amount of
radiation,” noted Donaldson, “the incident power is well within
the safe limits as specified by the ANSI €45 exposure stan-
dard.”"" Appleton was so convinced of the safety of the stan-
dard that he was not concerned even with faulty ovens: “Many
people in the United States have purchased microwave ovens;
many thousands of these appliances are now being used in
American homes. Probably some of them leak in excess of the
standard currently used. . . . There is mounting evidence that
the standard could safely be raised, and although there is not

much pressure to raise this standard, exposures in excess of it
are being viewed with progressively less alarin.”* These argu-
ments had no bearing on Zaret's arguments since he was in part
reporting the case as evidence for reconsidering the validity of
the ANSI standard. To reject his arguments on the basis of that
standard and not on the basis of scientific evidence represented
a classic exercise in circular reasoning.

The manner in which Zarets critics handled the scientific
arguments in the 1974 report was not much better. Rather than
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trying to understand the case as presented, the facts were dis-
torted and misrepresented in an effort to undermine the con-
nection to RF exposure. Thus, the phrase “her near vision was
becoming blurred [in 1961]" was rephrased by Michaelson and
Osepchuk as “blurred vision,” noting that this symptom ap-
peared five years before the patient had purchased her micro-
wave oven. The point of the critique based on the reworded
diagnosis was to suggest that cataracts could have been forming
in advance of the purchase of the oven. The point of the origi-
nal diagnosis, which Michaelson and Osepchuk ignored, was to
establish that the woman'’s eyes were examined ancd reported to
be healthy in 1961 except for the very common condition of
nearsightedness. "

Michaelson and Osepchuk also faulted Zaret for connecting
this case to RF exposure when he was certain that only one of
the cataracts was a microwave cataract: “It is incongruous for
the author to definitely state that there was a ‘microwave
cataract’ in the left eye, and for the right eye a microwave
cataract is presumptive. It seems obvious that, if this were in-
deed a radiant energy-induced cataract, both eyes without
question or neither eye would have had it, unless this particular
patient always checked her ‘leaky’ oven with one eye and not
the other.”* T'he logic of this critique is correct: the facis are
incorrect. If the patient had uniform exposure, then bilateral
cataracts would be expected; however, Zaret’s diagnosis of the
cataract in the right eye as presumptive in no way suggested
that it was not a microwave cataract. He simply did not know
whether it was or was not because the cataract had been re-
moved by another physician before Zaret examined the patient.
Thus he had to presume rather than conclude, a fact Michacl-
son and Osepchuk ignored in their version of the case.

Similar biased analyses go hand in hand with legitimate res-
ervations throughout the remainder of the replies 1o Zaret's
1974 report. Ultimately all of Zaret's critics adopted the wradi-
tional position: none was sure what the cause of the cataracts
was, but each was sure that the oven was innocent. To ask that
scientists supposedly interested in RF bioeffects think further
about this case, especially in the light of the fact that cause
could not be assigned, was considered a hevesy: “the cause and
effect relationship [Zaret described] is totally unfounded and
represents an erroneous and dangerous conclusion.” Zaret was
not given the benefit of the doubt even though he listed his
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diagnosis as an “impression” and not a “conclusion.” No one
was willing to take seriously the cautious assessment of New
York ophthalmologist George Merriam, which was _m_lslead-
ingly said to oppose Zaret: “As you can appreciate, it is impos-
sible to say with absolute certainty that the case reported was or
was not due to microwave exposure.”!

This conclusion can basically be applied 10 the general state
of Zaret's microwave cataract theory, Claims arve frequ.emly
made that other physicians have looked at some of Zaret's pa-
tients and been unable to sce the so-called capsular and in-
ciptent capsular cataracts. Such checks have never been run
under controlled conditions, and the results have not been pub-
lished. The negative results simply circulate as folklore among
those who are convinced that Zarvet is wrong. The air I()rc'c did
conduct an eye survey in the carly 1970s, but the published
accounts of these studies. which claim no effects, ave too vague
to allow them to be used for evidence.” Zaret's work has been
tested in the courts by lawyers™ but not in the Ial)or:au)ry by
scientists, a fact that compelled the authors of the Bal{\hl'ldg.c
island EIS to conclude in the midst of their criticism of ZareUs
work under journalistic coverage: “There is still no consensus
on the validity of Zaret's theory.”™ Such consensus will not l)‘c
forthcoming until the biases against Zaret are (.lm!)pcd ;!nd !1}8
work accepted or rejected on the basis of objective. scientific

analvsis.
Politics of Scrence

These instances of biases and inconsistencies veflect a deep-
seated problem that plays a major role in ﬁf‘icn(ihc (l(-\'cll.)p-
ment: the politics of science. Scientists are not nnmune m.sm‘ml.
cconomic, and political pressures. Gaming support for re-
search, getting articles published, receiving promotions, getting
elected to important offices, being asked to advise on govern-
ment panels, to testify at hearings, or to consult on lc'gal cases—
all of the activities of science other than working in l.he
laboratory and thinking—bring scicn'lisls face 1o face \\'f(h
many different pressures. They must live up 1o the slamdaf('ls
set by peers, meet the expectations of employers. be able to gain
national and international respect, and so on. As long as scien-
tists and society take care o keep the larger system that sup-
ports science from influencing the way science is conducted,
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politicization is not a major problem. When care is not taken to
keep politics out of science, biases, inconsistencies, and other
detrimental consequences can result. Two additional examples
from RF bioeffects research illustrate how external pressure
can be brought to bear on science.

Long-Term, Low-Level Effects

In September 1978 Bill Guy of the University of Washington
signed a contract with the air force agreeing to plan a long-
term, low-level RF bioeffects experiment.® Despite persistent
calls for such studies, none had previously been conducted in
the United States, leaving the air force in a difficult situation.
Radar installations are sources of long-term, low-level expo-
sure. By the late 1970s the public was more and more de-
manding that the air force explain how it could be sure that
its radar facilities were not hazardous if long-term, low-level
studies had not been conducted. In response the air force
made the decision to fund such a study and turned to Guy
for help.

The expense and unigueness of the projected study placed
special demands on the scientific process. The full project,
from planning through experimentation to final reports, was
slated to run about six years and cost close to $2 million. Plans
called for running over thirty tests on 200 rats (100 exposed
and 100 control) from shortly after birth to death.” Given the
limited resources available for RE bioeffects research, the likeli-
hood of a similar test being run in the near future was remote,
Therefore this experiment had to be as rigorous as possible and
above criticism if it were to be of any use. To spend this extraor-
dinary amount of money—ten times the amount for surveying
the health of the 4000 employees in the Moscow embassy study
or $10,000 per rat compared to $100 per State Department
employee—on an experiment that had flaws would have been a
tragic mistake.

By late 1979 Guy's research team began reporting on the
experimental procedures that were to be adopted in the full
200-rat study (phase 11). Their plans raised questions. It was
well known by this time, as Guy himself had argued, that behav-
ioral measures were the most sensitive indicators of RF biocef-
fects and yet he made no mention of behavioral measures when
he published a plan for the tull study in the January issue of the
IEEE Proceedings. Since this article reportedly described all of
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the biological end points that would be used in phase 1I, the
conclusion seemed to follow that behavioral measures were be-
ing ignored.® ,

This omission troubled independent researcher Allan Frey,
who had been studying behavioral and neurological RF bioef-
fects for over twenty years. To find out more about Guy's study,
Frev wrote to an official at the National Telecommunications
and Information Administration, Robert Frazier. As executive
secretary of ERMAC, Frazier was usually well informed on
current research developments. The information he sent in
reply did not mitigate Frey's concerns. On June 9, 1980, Frey
responded with a detailed critique of the proposed long-term,
low-level study, calling into question the motivations of key
members of the RF bioeffects community.

Frey objected to more than the absence of behavioral tests;
he was concerned about the proposed use of pathogen-free
animals. A unique population would not allow extrapolation
“to the general population of rats, much less man.” He re-
garded the “minimum stress” argument used to justify the use
of pathogen-free animals as “a joke™: “Can they really believe
that a rat catching a cold. ete., is more stressful than technicians
repeatedly sticking needles into the animals to get blood sam-
ples?” Frey was not convinced that the frequency being used
was appropriate. And he felt that litde would be learned about
two important measures, nervous svstem function and im-
munology. Most important he objected to the fact that the
strengths and weaknesses of Guy's study had not been debated
by the scientific community: “Is there any wonder some mem-
bers of the media believe that therve are conspiracies afoot?
Won't our scientific community’s fack of protest be construed as
tacit complicity in a conspiracy? What can we as members of the
scientific community offer as a defense—the Nuremberg De-
tense? 1f so, we'll also (figuratively) hang!™™

Such criticisms did not produce open debate: planning for
the full 200-rat study remained under the control of Guy's fab
and his air force sponsors. But changes were made in the ve-
search design as the study progressed. 'The request for pro-
posal issued by the air force prior to granting the contract for
the second experimental phase of the project listed behavior
and evaluation of the immune system as two “parameters to be
measured.”™ Both measures were included in the tull study,
which began on September 1, 198().
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Frey still had reservations. The behavioral study included in
the full experlment was an open-field test, a straightforward
measure of routine actmty Every six weeks the rats were to be
placed, one by one, in a cage designed to measure movement.
The cage was divided into squares, each with a photoelectric
detection system attached. As the rats moved from square to
square, they disturbed the photoelectric system. Each moni-
tored disturbance was fed into a computer and recorded as a
measure ol the rat’s activity. Comparisons of the total move-
ments of exposed versus control rats during one three-minute
test session every six weeks formed the data that were used for
mnaking judgments about possible behavioral effects.*"

The addition of the open field test raised new concerns in
Frey’s mind. At an October 1982 conference I organized to
discuss the applicability of risk-benefit analysis to the RF bioef-
fects field, Frey argued that the open field test was one of the
least sensitive behavioral measures that could have been cho-
sen, a view shared by another conference participant, Rochelle
Medici, who specialized in studying behavioral effects. If this
were the case, then the questions about research ethics re-
mained. Was it unreasonable for the public to believe, Frey
asked, “that microwave bioeffects research is at present being
channeled to look in the wrong place for effects and . . . that the
decisions that have led to this state of affairs were not made in
the spirit of science?™®! Was politics entering into RF bioeffects
research?

Guy's response to Frey did not resolve the ethical problems
raised. In denying that Frey's criticisms had played a role in
shaping the final study, Guy stated that he “did not sclect the
endpoints” for his study. “These were selected in the . . . state-
ment of work contained in the Request for Proposals (RFP)
disseminated by the Air Force.” In other words Guy deflected
Frey's criticism by shifting the responsibility for planning from
himself to his air force sponsors. In Frey's view this did not
absolve Guy from responsibility. “Why,” Frey queried in a fol-
low-up comment, “did Guy take on a project which involved the
expenditure of approximately $1.5 million of public funds with
the known critical tests ruled out by the sponsor . . . 2 Is this
science?"" :

Guy did not agree that known critical tests had been omitted
from his study. From his perspective “the behavioral endpoint
most sensitive to low level chronic microwave exposure, as re-
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ported by Professor Shandala, who is responsible for the Soviet
microwave exposure standard for the general population, was
incorporated into the research plan.”® This claim is debatable.
There are significant differences between Guy's work and the
experiments of his Soviet colleague.® But even if this problem
were overlooked, Frey's basic question still remained: Was it
appropriate for the agency seeking scientific advice to select the
end points that were used in the study?

The tormative role the air force played in Guy's study is not
an exception. During the ‘Tri-Service era most decisions about
the tuture of RF bioeffects research were made by the military
or within contexts overseen by the military. Much the same
support structure was retained in the 1960s, adding the State
Depurtmem and in(clligcncc communities. Even after the in-
jection of public interests in the Jate 1960s, the majority of sup-
port for RF bioetfects research still came from the military.
Throughout the 1970s approximately two of every three re-
search dollars spent on RF bioeffects research can be traced to
the navy, air force, or army.”” And with this support inevitably
came control.

Blood-Brain Barrier Effects
In 1975 Frey advanced the hypothesis that low-fevel RF expo-
sure (helow 10mW/em®) can disturb the barrier that regulates
the exchange of substances between the blood and brain tissue.
This blood-brain barrier is critical for keeping the brain’s envi-
ronment stable and opervating normally. His hypothesis was
based on a deceptively simple experiment in which anes-
thetized rats were irradiated with low-level RE radiation (CW
and pulsed), injected with a fluorescein dve, and sacrificed. The
brains of the rats were then sectioned and examined under
ultraviolet light for fluorescence. Comparisons of exposed ver-
sus control rats turned up significantly more fluorescence in the
brain sections of the exposed rats, a result that led Frey to
conjecture that low-level RF exposure might cause the blood-
brain barrier to leak.™

Additional work on this effect was soon carried out by other
researchers, and preliminary reports tentatively confirmed
Frey's original hypothesis. A George Washington University
researcher. Ernest Albert, using horseradish- pemxidase pro-
tein tracer instead of fluorescein, found that 10mW/em? radia-
tion caused increased barrier permeability in both rats and
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hamsters. Kenneth Oscar and Daryl Hawkins, two army bio-
medical researchers, used radioisotope techniques and came up
with similar results. Thus by mid-1977, the blood-brain barrier
effect had tentatively been confirmed through three fairly in-
dependent lines of research.®’

‘The reported discovery of this effect met with mixed reac-
tion. Basic research scientists, such as Frey and Albert, were
interested in the effect as a possible explanation for behavioral
eftects. Frey was clearly searching for mechanisms to explain
behavioral effects when he began his work. However, from a
policy standpoint, barrier effects posed problems, particularly
if they occurred at exposure levels below 10mW/cm®. Changes
in the barrier, or in related phenomena such as blood How in
the brain, as a result of exposure at a presumed safe level could
not be dismissed as trivial.

The process of assessing these consequences and deciding
what to do began in military circles. In April 1977 a secret
conference was held at the U.S. Naval Academy in Annapolis,
Maryland, to discuss “undesirable electromagnetic effects.” At
this conference a research team at Brooks Air Force Base in
Texas headed by James Merritt reported finding “significant
leakage of fluorescein into the brain substance™ of rats after
they were exposed to a 50 millisecond dose of high-level RF
radiation. The brief, high-level exposure delivered enough en-
ergy to the brain, Merritt contended, “to increase brain tissue
temperatures significantly” and cause “behavioral and ana-
tomic changes.” Whether these tests were designed to replicate
any existing or projected exposure situations was not indicated
in the unclassified abstract of Merritt's paper that was made
public.®®

Several months later Merritt reported on another aspect of
his work at a special session on the blood-brain barrier effect
convened during a symposium on the Biological Effects of
Electromagnetic Waves. In addition to his high-level experi-
ment, Merritt had also attempted to replicate the work of Frey
and Oscar and Hawkins. In both cases he failed to get similar
results. At low-level exposure his control and exposed animals
exhibited similar barrier leakage. The only differences Merritt
found were ones produced by heating test animals in an oven to
raise body temperature or alter injecting the animals with a
substance (urea) known to produce a barrier effect. These re-
sults led him to conclude that Frey had probably seen a thermal
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effect on the blood-brain barrier produced by exposure levels
that were much higher than had been reported.”

The conflicting negative and positive reports on low-level
barrier effects prompted the navy to convene a third confer-
ence to discuss this problem in October 1978. Once again an
effort was made to review all prior work for the purpose of
making decisions on the future of barvier research. All of the
usual participants were present—Frey. Albert, Oscar, Merrit,
and others who had conducted refated rescarch. The tormat
called for the presentation of papers. discussion, and then a
final summary by Don Justesen, a psychologist at a Kansas City
Veterans Administration hospital, who was given this impor-
tant task even though he personally had not done any blood-
brain barrier research. A year earlier Justesen had been asked
by a committee of the National Council on Radiation Protec-
tion, chaired by Guy, to prepare an analysis of the barrier liter-
ature 1o be used for deriving safety standards. He had also
inserted in a special issue of Radio Science, which he edited,
comments on papers given at a panel session on the barrier.
Now he was being asked to comment on yet another summary
effort, sponsored this time by the navy.™

By this tume Justesen had seen enough of Merritt's work to
have serious reservations. Shorty after the October 1978 navy
conference. he subjected Merritt's 1977 symposium paper,
which had been published in Radiation and Envivonmental Bio-
physies, 1o a careful reanalysis. He concluded that “there is some
discrepancy between your [Mernitt’s] data and your interpreta-
tion of same.” Where Merritt had found no effects. Justesen
reanalvzed and found them. He also assembled evidence tor
causulvexpl;umtiuns that Merritt had passed over. These objec-
tions and others were carefully outlined in a three-page letter
written on January 30, 1979, At the time Justesen was under a
deadline to produce a review on the blood-brain barrier con-
troversy, forcing him to give Merritt a week to reply.”

In theory Justesen's critique of Merritt's work left the con-
troversy unresolved. In practice, however, politics entered the
debate and attempted to resolve what science could not. Juste-
sen tempered his private criticisms considerably when he l(f()k
to print. In a comment on the 1977 symposium papers, which
finally found their way tnto print in late June 1979, Justesen
reported that Merritt had discovered his own mistakes, wl'lcrc'-
upon he “reanalyzed his data via a powerful analysis-of-
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variance technique and . . . found reliable results.” The
reported reanalysis also led to several points of interest that
bore a remarkable similarity to Justesen’s own reanalysis sent to
Merritt in January 1979. A year later in a review of the blood-
brain barrier controversy, Justesen completely ignored the er-
rors in Merritt's only published paper and presented his own
(Justesen’s) reinterpretations as though they were Merritt's.
‘This was during the same period that Justesen was wondering
in private how Merritt was “going to handle the flat negative
conclusion in his abstract [of the 1977 paper]) in light of the
positive findings obvious in his data.””?

Justesen was not alone in trying to brush aside the shortcom-
ings of Merritt's work. The final report on the navy's 1978
blood-brain barrier workshop summarized Merritt’s work in
two brief paragraphs. The first described his experiment. The
second noted the negative findings and added, “Merritt's data
has [sic] since been analyzed by Justesen and the conclusions
are being restudied.”” More recently a review of blood-brain
barrier research prepared at the Stanford Research Institute
under an air force contract summarized Merritt’s article with-
out any mention of its shortcomings. The same work that Juste-
sen privately took apart piece by piece in his 1979 letter to
Merritt had quietly become an example of “more objective
and refined detection methods” than were found in Frey's
experiments.” l

‘The objectives of the preferential treatment afforded not
only to Merritt’s work but to other studies that have cast doubt
on Frey's initial experiments are clear. Justesen’s reanalysis en-
deavored to link the obvious barrier effects Merritt found to
thermal mechanisms. Presumably once ties to temperature cle-
vation in the brain were established, the hazards issue was re-
solved since heat stress was not considered an unusual problem.
Viewed from a thermal point of view and using Justesen’s esti-
mates, the thermal stresses produced were “no greater than
those produced in an animal by the stresses associated with
swimming, moderate fasting, learning to escape from an an-
noying stimulus, or being gentled in the hands of a human
being.””* In essence, it was argued, thermal effects raised no
special safety problems. There was no reason to worry about
abnormal leakage through the blood-brain barrier if that leak-
age was caused by heating.
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The logic that lay behind this position rested on one debat-
able assumption—that RF heating is similar to other forms of
heating. By the late 1970s it was known that RF energy heats
tissues selectively and causes hot spots. The thermal conse-
quences of being exposed to an RF field and being gentled in a
hand are not the same. Thus the discovery of possible thermal
mechanisms to explain the blood-brain barrier effect was irrele-
vant to the central question being debated—the relevance of
the discovery of a barrier effect at low-level exposure. In addi-
tion it was not at all certain how short-term experiments related
to long-term exposure. Justesen felt that chronic exposure
posed no special problems, but he was not certain. As he wrote
Frey, “What will happen after continuous exposure over weeks
and months o helds that promote BBB/circulatory changes?
That is the big question. My head tells me not much will hap-
pen in the way of deleterious effects, but my gut tells me one
simply can’t speculate away an untested thesis.”""

Such doubts notwithstanding, the blood-brain  barrier
controversy was soon speculated away using untested theses.
Following the 1978 navy workshop the conclusions that sup-
posedly emerged from the presentations were summarized in a
final report. The different results reported by the participants
left no doubt “that from a scientific point of view, much more
research needs 1o be done o understand the structure and
function of the blood-brain barrier and to evaluate the implica-
tions that an increase in barrier permeability would evoke.”
The state of scientific knowledge was correctly assessed as in-
complete. The report then went on to draw a second conclu-
sion: “There appears to be no theoretical or experimental
evidence that low-level microwaves that do not raise the brain
temperature could be expected to affect the integrity of the
barrier.””" This second conclusion was the untested and also
misleading one. Despite claims to the contrary Frey's work had
not been replicated by other researchers. It was not true, as the
final report claimed citing a 1977 publication, that “Oscar and
Hawkins were unable to replicate Frey's results.” "™ Merritt had
not followed Frey's quantification technique; he had used dif-
ferent techniques for measuring fluorescein leakage. And by
the time the workshop summary was submitted, Justesen had
already critiqued Merritt's work. Moreover the interjection of
thermal reasoning into the second conclusion was irrelevant.
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Give.n the state of uncertainty that characterized blood-brain
barrier research in 1978, conclusive evidence either for or
against the effect could not have been assembled.

The purpose of the second, untested conclusion is more than
apparent from a third conclusion that appeared in the original
draft. of the workshop summary: “Department of Defense
funding of research evaluating the effect of microwaves on the
!)lm)d-brain barrier should be of low priority.” This was the
Justification used to curtail barrier research in the years to
come. This open announcement of policy broke with estab-
!lshed tradition, however. Most planning in the military is done
in closed meetings, and the results are usually not pl;hlicizcd.
[he break with tradition was quickly recognized by one of
those reviewing the conference for the military, who wrote in
the margin of the draft version of the workshop summary: “do
we reall.y want to say this?"’? Apparently they did not; the third
conclusion was omitted when the final report was submitted in
May 1979.

Frey tried to keep the scientific debate alive by continuing his
research and at every opportunity questioning the work of
()the.rS, an increasingly difficult task. When Justesen failed 10
publicize !’1is doubts widely, Frey brought the information to
the attention of the scientific community in a letter written for
publication in the Bioelectromagnetics Society’s Newsletter. The
Newsletter editor, Tom Rozzell, at first denied publication, argu-
ing that the piece Frey had submitted was too long. Later he
rescinded this decision and allowed the publication to go for-
ward. At the same time, as an official at the Office of Naval
Research, Rozzell found himself in the position of informing
Fl:ey that his rescarch contract with the navy was to be ter-
minated. In brief, while Rozzell was tostering scientific debate
through the Newsletter, he was also restricting it by helping to
control the flow of vital military research funds.*"’ l

One year later, in October 1981, Frey ran up against another
obstacle when the editor of the Bioelectromagnetics Society's

journal' and navy employee, Elliot Postow, refused to publish a
paper investigating the effects of RF radiation on the blood-
vitreous-humor barrier in the eye. The Justifications Postow
used were one equivocal negative review by Justesen (Russell
.Car.penter had submitted a favorable review) and his own ob-
Jections to the “tongue lashing” Frey had given Spackman
Preston, and Merritt.*! The frank and open criticism that had,
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become a characteristic of Frey's publications over the years did
not fit with the conventional and conservative style that had
come to dominate RF bioeffects research. Frey was not playing
the research game according to the rules.

Ramifications

The attempts to limit the circulation of Frey's ideas and other
potentially controversial aspects of RF bioeffects research have
worked to the disadvantage of both science and policy. In re-
fusing to air its own internal disagreements in public, the estab-
lishment that controls RF bioeffects rescarch has misled the
public and researchers. When criticized by Frey for not poimnt-
ing out weaknesses in Merritt's work, two rescarchers who re-
cently published a survev of the state of BBB rescarch could
only reply: “No further details [on the statistical inaccuracies in
Merritt's work] were included in the reports we read, and so we
left it to the reader to decide the significance of their results,
since we could not elaborate.” Had Justesen and others been as
open in their critique of Merritt's work as they had been in
rejecting Frey, this would not have been the case. The same
reviewers also claimed that they were not aware of Frev's own
criticisms of that work because the latter had not been pub-
lished in the scientific literature, a shortcoming that was cer-
tainly not the result of Freyv's unwillingness to debate the issues
in print."

Policy deliberations too have been hampered by the politici-
zation of RF bioetfects research and by the biases and inconsis-
tencies discussed carlier. The knowledge that key decisions on
such rescarch have been influenced by persons with vested in-
terests in technological expansion raises questions about the
legitimacy of the research. Oncee the objectivity of science s
thrown into doubt, its utility in policymaking is destroved.

The destructive consequences of politicizing science are well
known. Charles Siisskind fully understood what could happen
when he agued in 1968, “The lesson is that we must evolve
methods of managing and coordinating research without in-
hibiting the investigator’s freedom.” He and his colleagues
knew that “you must have independent research if you expect
to get results that can be believed.”** But despite such warnings
politics and science have become intertwined in the microwave
debate. The scientific community has allowed social, economic,
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and political pressures to influence its activities, thereby de-
stroying the credibility of its product. With the undermining of
th.e credibility of science, the second avenue for resolving the
microwave debate (government being the first) became impass-
able. And perhaps as important the glaring inconsistencies that
have. emerged over time have brought the mass media and the
public into the microwave debate.

8

Mass Media and the Public

What must the press do to get the truth out to the public about low-
level radiation? Well, we simply have to keep digging: check, double-
check, and if possible triple-check every press release, 1ip, and press
briefing; vemain always suspicious of authority, and never lose sight
of that old Latin adwonition, Hligitimati non carborundum—don’t let
the bastards wear you down.—William Hines. Annals of the New York
Academy of Sciences (1979)

Some scientists and policymakers who have had to defend past
policy decisions during the course of the microwave debate argue
that the debate itself was started by and has been kept alive by
the mass media and their readers.' There is some truth 1o this
argument. Had the press not discovered and publicized the GE
television set incident, there is no guarantee that Congress
would have acted. Press stories about defective microwave
ovens played a crucial role in bringing RF technology under the
radiation control umbrella. Coverage of the Moscow embassy
radiation problem played a key role in stivring up public
interest.

It has also been argued that the main motivation for publiciz-
ing the microwave debate has been economic; the microwave
story sells newspapers. Again there is some truth to this argu-
ment. Popular writers have used the microwave story to sell
copy. But there are also more fundamental reasons that ac-
count for mass media involvement in the debate. As a manag-
ing editor of the Eugene, Oregon, Register-Guard explained to
readers when defending his decision to print a series of stories
about a microwave signal discovered in late 1977:
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